Introduction: Diabetes mellitus (DM) is a predominant source of morbidity in India. The incidence of depression is found to be increased among type 2 DM patients that makes the glycemic control as an exhaustive task and also leads to increasing the risk of diabetes induced complications. Aim: The present study aimed at studying the effect of three yoga on depression and glycemic control in type 2 DM patients. Methods: Nadi Shuddhi Pranayama, Kati Chakrasana and Vakrasana were taught to the recruited participants and clinical characteristic were measured at baseline, visit 1 and visit 2. Results: The mean FBS, PPBS and RBS values of the participants during the two visits were found to be decreased from 131.33±12.89 to 122.33 ± 10.63 (p <0.0001), 183.3 ±28.02 to 167.11 ± 13.95 (p=0.0052) and 181.81 ± 20.8 to 169.22± 21.79 (p=0.0050) respectively. The HAM D score of SIGH D tool from baseline to visit 2 was found to be reduced from 9 to 3.44 (p<0.0001). Conclusion: The study showed the evidence of the effectiveness of yoga in the management of depression and glycemic control in type 2 diabetes mellitus patients
INTRODUCTION
Diabetes mellitus (DM) is a predominant source of morbidity in India. World Health Organization (WHO) reports that the nation holds the largest number of diabetes patients and can be termed as diabetic capital of the world. 1, 2 Recently the incidence of depression is found to be increased among type 2 DM. 3 Depression in the DM further decreases the quality of life of the patients, makes the glycemic control an exhaustive task and leads to increasing the risk of diabetes induced complications. 3, 4 Furthermore, the detection and management of depression goes unattended many times. Thus, the presence of depression among diabetes patients is a major concern and requires immediate strategies to overcome.
Yoga is a moderate non-invasive physical activity that helps in attaining balanced breathing patterns. This supplies sufficient oxygen to cells so that cellular respiration increased. Subsequently there might be an increase in the release of 'feel good hormones' such as serotonin leading to balanced metabolism and calmness of mind, and alleviation of depression. The regular practice of yoga thus expected to provide excellent support in stress management. 5 Yoga also helps in modulating the sympathetic activity and it may even control the endocrine secretions released during stress. 5 The impact of yoga in controlling type 2 diabetes mellitus has been a recent study interest. Such results shown a significant effect in regulating the body functions, improvement in glycemic control and reducing the side effects to patients already taking anti diabetic medications. 6, 7, 8 However, there are no reports on the effectiveness of yoga on depression among type 2 DM patients. Hence, the present study was focused to study the effect of yoga on depression and glycemic control in type 2 DM patients.
METHODS

This is a prospective open label interventional study conducted during
September 2015 to March 2016 at Government District Headquarters hospital, Ooty. The study was approved by Institutional Review Board, JSS College of Pharmacy, Ooty (JSSCP/DPP/IRB/007/2015-16). The type 2 diabetes mellitus patients age above 18 years with depression, determined with Hamilton Depression Rating Scale (HAM-D) were included in the study. Exclusion criteria include pregnancy, type 1 diabetes mellitus, and type 2 diabetes mellitus with micro or macro vascular complications, renal and hepatic dysfunctions. Study details were explained in person to the patients and written informed consent form was obtained. Subjects who met the inclusion criteria and who were willing to give informed consent form were recruited for the study. The recruited patients were given yoga training on 30 th and 31 st January 2016 at Drug Information Center, Clinical Pharmacy Services Department, Government District Headquarters Hospital, Udhagamandalam. The yoga classes were taken by yoga trainers from S -VYASA University, Bangalore. Nadi Shuddhi Pranayama, Kati Chakrasana and Vakrasana were taught to the recruited participants. These yoga asanas were selected based upon their beneficial role in diabetes, depression and general wellbeing; also, they are simple to perform and do not require any yoga attire. In addition, these yoga asanas were simple to the extent that it can be performed by both men and women over a wide range of age. The subjects along with their regular anti diabetic medications were asked to perform yoga in the following order viz Kati Chakrasana 6 to 7 rounds on each side of the body, Vakrasana 2-3 times on each side of the body for 2 minutes and Nadi Shuddhi Pranayama 5 to 7 rounds in one sittings for duration of 2 to 20 seconds. The subjects were followed up over telephone for their regular yoga practice.
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in mean blood glucose level and symptoms associated with diabetes. [12] However, the results from the present study revealed that a regular practice of the yoga can significantly reduce the blood glucose levels even from a period of 6 weeks. The yoga practices usually involve physical exercises combined with regulated breath, have the ability on glycemic control and improve quality of life. 12, 13 The SIGH D values from baseline to visit 1 and visit 2 were found to be reduced from 9 to 5 and 3.44 (p<0.0001) with a mean difference of 4 (95% CI: 2.66 to 5.33) and 5 (95% CI: 4.36 to 6.74). Similarly, from baseline to visit 2, the stress index values are reduced from 36.56 to 17.11 (p=0.1562). All the subjects showed significant improvement in various symptoms of depression. They also experienced yoga as feasible intervention to perform in day today life as per one's convenience. These
Patients' data including demographics, past medical and medication history, present medications, biomedical test results were collected in a structured data collection form. The clinical characteristics of the participants such as stress index, SIGH D score, FBS (Fasting blood sugar), PPBS (post prandial blood sugar), RBS (Random blood sugar), LDL (Low density lipoproteins), HDL (High density lipoproteins), BMI (body mass index), pulse, NN50 (number of pairs of successive NN (R-R) intervals that differ by more than 50ms), SDNN (standard deviation of the NN (R-R) intervals), RMSSD (Root mean square of the successive differences) and Heart rate variability (HRV)were monitored at baseline, visit 1 (after 21 days) and visit 2 (after 42 days). Statistics: Repeated measure one-way ANOVA followed by Dunnett's multiple comparisons test was performed using GraphPad Prism version 6.00 for windows, Graphpad Software, La Jolla California USA, www. graphpad.com.
RESULTS AND DISCUSSIONS
A total of 72 type 2 DM patients were screened, among them 17 patients were found to have depression. The prevalence of depression in the study site was found to be 23.61% (mild grade of severity). Through this study, 47.05% of them came to know that they are depressed. This indicates the necessity to administer SIGH D in all recently diagnosed type 2 diabetes and pre-diabetes subjects to find out depression among them, if any and treatment can be initiated at the earliest. A total of 12 subjects were eligible to attend the yoga classes, out of them 9 completed the study (75%). One-fourth of the study participants were not able to practice yoga regularly due to either their social commitment or lack of time. Similar results were even reported by Raja et al for regular exercise in type 2 DM. 9 The scheme of the study is shown in Figure 1 . Majority (67%) of the study participants were male. The gender plays a major role in adherence to yoga daily. The dropout among the women participants was found to be more compared to men (25%). Imparting awareness on importance of yoga in participants can theoretically improve the daily yoga practice and reduce drop outs; however, the success is to be demonstrated in further studies. The mean age of the study participants was found to be 51.56± 7.23 and the mean duration of diabetes was found to be 6.78±4.68. The onset age of diabetes is seeming to decline and a considerable portion of younger people in the population is affected with diabetes presently. The reason put forward are physical inactivity, excessive calorie intake leading to obesity and genetic factors. 10 The clinical characteristics of the participants observed at visit 1 (after 21 days) and visit 2 (after 42 days) was shown in Table 1 . The mean FBS, PPBS and RBS values of the participants during the two visits were found to be reduced from 131.33±12.89 to 122.33 ± 10.63 (p <0.0001), 183.3 ±28.02 to 167.11 ± 13.95 (p=0.0052) and 181.81 ± 20.8 to 169.22± 21.79 (p=0.0050) respectively ( Figure 2) . Dunnet multiple comparison test was used to estimate the variation in sugar levels from base lines. From the post hoc test, the FBS values was shown a mean difference of 10.44 (95% CI: 5.86 to 15.03) and 19.56 (95% CI: 11.26 to 27.86) from baseline to visit 1 and 2 respectively. The RBS values from baseline to visit 1 and 2 were shown a mean difference of 30.44 (95% CI: 3.094 to 57.80) and 43.11 (95% CI: 14.53 to71.69). Similarly, PPBS values was shown a mean difference of 21.78 (95% CI: 7.69 to 35.86) from baseline to visit 2. The significant differences in RBS and FBS were shown at week 3 and week 6, whereas the PPBS shown significant difference at 6 weeks from baseline. Daily yoga practice provides a massage to abdominal organs, rejuvenate the pancreas cells and influence the glycemic control. 11 A study done by S. Amita et al (2009) had shown that yoga-nidra practiced for 30 minutes daily up to 90 days resulted in fall 14, 15 The regularized breathing during yoga helps to calm the mind relieving stress. 16 The mean LDL and HDL values were found to be changed from 104.5±17.01 to 103.25± 18.25 (p=0.1347) and 57.01±17.47 to 57.75±18.30 (p=0.1880). The visceral adiposity is responsible for the excessive release of TNF-alpha, interleukin-6 and visfatin, which may lead to insulin resistance. 17 It is well proven that yoga can decrease the excess fat deposition, reduce waist circumferences and body weight. 18, 19 The systematic relaxation practices through the pranayama techniques reduce the adrenergic activity and thereby may reduce the stress. 20 These effects can have favorable results in the lipid levels as the stress levels have a direct relationship with the cholesterol levels. 21 The mean BMI of the participants during visit 1 and 2 was found to be same (23.82 ± Kg/m 2 , p=0.3388) and the pulse values changed from 71.89± 10.86 to 72.56± 1.67 (p=0.9031). Few studies have shown that yoga practices have a positive impact on controlling BMI and pulse. 19, 22, 23 However no significant difference was found in our study for LDL, HDL, BMI and Pulse. HRV is a quantitative marker depicting the activity of autonomic nervous system (ANS) related to mental stress, measure of individual differences in regulated emotional response. 24 Low HRV indicates high sympathetic and low parasympathetic (vagal) autonomic activity and is a predictor of many cardiovascular events and mortality. 25 A low (RMSSD) value indicates high stress, RMSSD is root mean square of differences between successive rhythm-to-rhythm (RR) intervals. 24 The mean NN50, SDNN and RMSSD was found to be changed from 45.33 ± 6.28 to 39.56±12.18 (p=0.3060), 423.11 to 397.78 (p=0.8768) and 632.89 to 556.78 (p=0.4206) at final visit. The HRV values were found to be changed from 1211.89 to 1357.67 (p=0.2068) at visit 2. The significant mean difference in HRV (p<0.05) was found from baseline to visit 1 measured by Dunnet multiple comparison test [mean difference: 115.2, 95% CI: -218 to -12.41]. Studies have shown that HRV is a more useful psychophysiological measure than heart rate alone and a single session of hatha yoga can increase HRV acutely. 26 From the study, it is suggested to have a skilled yoga instructor to design the yoga practices as per the patients' requirements. This may allow individualizing and thereby optimizing the treatment, which in turn maximizes the benefit. 27
LIMITATIONS
There was no control group for the study. Also, the adherence of the participants to the yoga practice was done over telephone and not under direct supervision. Being a pilot study, we could recruit only 12 patients and 9 patients completed the study for a period of 6 weeks. These factors can be given due consideration while planning similar studies in the future to establish better perception on the benefits and therapeutic effects of yoga on depression, glycemic control, blood pressure, heart rate variability scores, BMI, LDL and HDL levels.
CONCLUSION
The prevalence of depression among type 2 diabetes mellitus patients was found to be 23.61% in the study site. The practice of Nadi Shuddhi Pranayama, Kati Chakrasana and Vakrasana for a period of 6 weeks among the participants showed to alleviate their depression status, FBS, RBS and PPBS levels significantly. The study clearly shows the effectiveness of yoga in the management of depression and glycemic control in type 2 diabetes mellitus patients. Thus, yoga can be used as a valuable tool for diabetic educators for developing suitable strategies for those individuals who express interest in yoga practice for glycemic control and management of depression. 
